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Description 

The present invention relates to the manufacture of 
an optical waveguide capable of converting a mode field 
diameter at a desired portion thereof, such as a mode 
field diameter conversion fiber and a planar light 
waveguide device. In particular, the invention relates to 
a method of manufacturing an optical waveguide, hav- 
ing a doped central core portion made of a light propa- 
gating material which has a predetermined refractive in- 
dex, and a surrounding cladding portion surrounding 
said light propagating material and having a lower re- 
fractive index than said light propagating material, said 
method comprising the steps of introducing into a core 
portion a first dopant having a function of increasing the 
refractive index of said light propagating material and 
having a first thermal diffusion coefficient to said light 
propagating material at a predetermined temperature, 
and a uniformly distributed second dopant having a 
function of decreasing the refractive index of said light 
propagating material and having a second thermal dif- 
fusion coefficient to said light propagating material at 
said predetermined temperature, said second thermal 
diffusion coefficient being larger than the first thermal 
diffusion coefficient at the predetermined temperature, 
thereby to form said doped central core portion, the in- 
troduction of the dopants resufting in the manufactured 
optical waveguide having a predetermined mode field 
diameter. Such a method is disclosed in US-A-4 441 
788. 

EP-A-0 127 408 and EP-A-0 334 247 disclose a fi- 
bre with a fluorine-containing inner cladding and a ger- 
manium-doped core. 

Electronic Letters, 18th February 1 988, Vol. 24. No. 
4, pages 245 and 246 "Tapers In Single Mode Optical 
Fibre by Controlled Core Diffusion" and Journal of Light- 
wave Technology, Vol. 8, No. 8. August 1990. pages 
1151-1161. "Beam Expanding Fiber Using Thermal Dif- 
fusion of the Dopant" both teach tapering by heat-treat- 
ing a doped waveguide core. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
mode field diameter conversion optical element capable 
of changing the mode field diameter (the spot size of the 
propagating mode) In a desired portton thereof. 

According to the present invention, there is provid- 
ed a method as initially defined, characterised by sub- 
sequently heating the optical waveguide to said prede- 
termined temperature so as to reduce the mode field di- 
ameter of said optical waveguide with respect to said 
predetermined mode field diameter by causing diffusion 
of the second dopant introduced into said central core 
portion. 

In one form of dopant distribution, the first dopant 
and the second dopant have substantially uniform con- 
centration distribution in the core portion. In another 



form of dopant distribution, the second dopant has a 
substantially uniform concentration distribution in the 
core portion but the concentration distribution in the core 
portion of the first dopant is high at a substantially center 
s area and low in a peripheral area so that a refractive 
index in the periphery of the core is smaller than that ot 
a cladding portion. The concentration distribution of the 
first dopant in this case is substantially parabolic or step- 
wise. 

10 By heating the predetermined portion of the optical 
waveguide, the first and second dopants are thermally 
diffused from the predetermined portion of the core por- 
tion. In this case, since the second thermal diffusion co- 
efficient is larger than the first thermal diffusion coeffi- 

is cient at a predetermined temperature, the second do- 
pant diffuses to a more distant area from the center of 
the core than the first dopant does. As a result, in both 
forms of the dopant distribution described above, a dif- 
ference between a refractive index in the area close to 

20 the center of the core and a refractive Index of the area 
distant from the center of the core relatively increases. 
Consequently, the spot size of the mode is reduced at 
the predetermined area having thermal processing ap- 
plied thereto. In the second fonm of the dopant distribu- 
tion, the spot size of the mode is reduced by an effect 
of substantial Increase of the core size in which the re- 
fractive index is larger than that of the clad by the diffu- 
sion of the second dopant. 

When the predetermined portion of the other optical 

30 waveguide is heated, the first dopant diffuses from the 
predetermined portion of the core portion to the cladding 
portion and the second dopant diffuses from the clad to 
the core portion. Since both diffusions have effects of 
lowering the differential refractive index An between the 

55 core portion and the cladding portion, the spot size of 
the mode Is increased at the predetermined portion hav- 
ing the heat treatment applied thereto at a faster speed 
than that of the prior art. 

Here, the differential refractive index An between 

40 the core portion and the cladding portion means the fol- 
lowing. 



4S 



An = ((n1 xnl )-(n2xn2))/(2xn1 xnl ) 
- (n1 -n2)/n1 



The n1 is a refractive index of the core portion, and the 
n2 is a refractive index of the cladding portion. 

50 As a result, the optical waveguide having the spot 
size of the mode changed at the desired portion is at- 
tained. Such an optical waveguide may be used as not 
only a mere optical transmission line but also an optical 
device for converting the spot size of the mode at a small 

55 bss. 

The present invention will become more fully under- 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way 
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of illustration only, and thus are not to be considered as 
limiting the present invention. 

Further scope of applicability of the present inven- 
tion will become apparent from the detailed description 
given hereinafter. However, it should be understood that 
the detailed description and specific examples, while in- 
dicating preferred embodiments of the Invention, are 
given by way of illustration only, since various changes 
and modifications within the scope of the invention will 
become apparent to those skilled in the art form this de- 
tailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A shows a structure of an optical fiber usable 
in the present invention. 

Figs. 1 B-1 D are drawings for explaining the method 
of converting a mode field diameter of an optical fib- 
er according to a first embodiment, 
Fig. 2 shows a graph of a relation between a core 
diameter and a refractive index distribution, and a 
mode field diameter, 

Figs. 3A-3D show a manufacturing process of the 

fiber. 

Fig. 4A shows a structure of an optical fiber usable 
in a second embodiment, 

Figs. 4B-4D are drawings for explaining the method 
of converting a mode field diameter of an optical fib- 
er according to the second embodiment, 
Fig. 5 shows a graph of a relation between the core 
diameter and the refractive index distribution, and 
the mode field diameter. 

Figs. 6A-6D show a manufacturing process of the 
fiber usable in the second embodiment. 
Fig. 7A shows a structure of an optical fiber usable 
in the third embodiment, 

Figs. 7B-7D are drawings for explaining the method 
of converting a mode field diameter, 
Figs. 8A-8D show a manufacturing process of a fib- 
er, 

Fig. 9 shows an example of applicatbn of the 
claimed method to an optical waveguide, and 
Fig. 10 shows a further example of application of 
the present invention to an optical waveguide. 

DETAILED DESCTIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments of the present inventton are now 
briefly explained with reference to the accompanying 
drawings. 

(First Embodiment) 

Fig, 1A shows a structure of an optical fiber. The 
optical fiber has a core to which Qe and F are added at 
a substantially uniform concentration as shown in Fig. 
1A. 
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A thermal diffusion coefficient of the F is larger than 
that of the Ge at the temperature of 1 600 to 2200 "C. 
That is, the F Is diffusing faster than the Ge above 1600 

s Figs. IB-ID schematically show a structure and 
changes In distributions before and after the heat treat- 
ment for converting the mode field diameter Fig. 1 B 
shows a change in a concentration distribution of the 
first dopant added to the core. Fig. 1C shows a change 

10 in a concentration distribution of the second dopant add- 
ed to the core, and Fig. 1 D shows a change in a refrac- 
tive index near the core. A graph in Fig. 2 shows relatbn 
between the mode field diameter and core diameter, and 
a difference of refractive indices between the core and 

IS the cladding when the distribution of the refractive index 
in the fiber is stepwise. 

The fiber prior to heating shown in Fig. 1 A Is a single 
mode fiber and is formed by a known VAD method in a 
process shown in Figs. 3A-3D. Soot preform for the core 

20 made of quartz having germanium (Ge) added thereto 
as the first dopant (see Fig. 3A) and fluorine (F) is added 
as the second dopant before it is made transparent (see 
Fig. 38). Then, the soot preform for the core is made 
transparent and elongated to an appropriate outer di- 

2S ameter, and soot for the cladding is formed around it us- 
ing it as an axis (see Fig. 3C). Then, the soot for the 
cladding is made transparent to form preform for fomning 
the optical fiber. The preform is drawn under an appro- 
priate condition (see Fig. 3D). In this manner, the optical 

30 fiber for the mode field diameter conversion having Ge 
and F added to the core is formed. 

Referring to Fig. 1 B to Fig. 1 D and Fig. 2. a method 
and a principle of forming the above optical fiber into the 
mode field diameter conversion fiber are described. In 

35 the following discussion, it is assumed herein that fluo- 
rine diffuses sufficiently faster than germanium by heat- 
ing and after the heating the concentration distributbn 
of fluorine substantially uniformly decreases and the 
concentration distribution of germanium does not sub- 

40 stantially change. The diameter of the core of the optical 
fiber before the heat treatment is 4pm. 

As shown in Fig. 1 B, in the core area of the optical 
fiber before the themnal diffusion, Ge is added in the core 
area at a substantially unifonn concentration. Further, 

45 as shown in Fig. 1 C, F is also added to the core area at 
a substantially uniform concentration. It is assumed that 
a contribution A(Ge) of Ge to the differential refractive 
index is 0.5%, and a contribution A(F) of F to the differ- 
ential refractive index is -0.3%. The heat treatment is 

so applied to a desired portion of the optical fiber to ther- 
mally diffuse Ge and F. Ge does not substantially diffuse 
as shown on the right hand of Fig. 1 B but F widely dif- 
fuses as shown on the right hand of Fig. 1 C and the con- 
tribution A(F) of F in the core to the differential refractive 

ss index changes to -0.2%. 

Referring to Fig. ID, a change in the refractive in- 
dices near the core before and after the thermal diffusion 
is discussed. The optical fiber before the thermal diffu- 
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sion exhibits a substantially uniform refractive index dis- 
tribution in the core area as shown by a solid line. A dif- 
ferential refractive index A(n) between the core and the 
cladding is 0.2%. A broken line shows a refractive index 
distribution due to Ge or F. When heat treatment Is ap- 
plied to the desired portion of the optical fiber to ther- 
mally diffuse Ge and F.the core diameter does not sub- 
stantially change as shown by a solid line on the right 
hand of the drawing, and the differential refractive Index 
A(n) is 0.3%. The change In the mode field diameter for 
the above changes is discussed with reference to Fig. 
2. Before heating, the differential refractive Index A(n) is 
0.2% and the core diameter is 4^m which corresponds 
to a point A in the graph of Fig. 2. and the mode field 
diameter is 32^m. After the thermal diffusion by heating, 
the differential refractive index A(n) Is 0. 3% and the core 
diameter is 4pjn which corresponds to a point A' in the 
graph of Fig. 2, and the mode field diameter decreases 
to 14pm. 

(Second Embodiment) 

Fig. 4A shows a structure of a further optical fiber. 
The optical fiber has a core to which Ge is added at a 
substantially radial concentration distribution which is 
one of graded distributions and F is added at a substan- 
tially uniform concentration. 

A thermal diffusion coefficient of the F is larger than 
that of the Ge at the temperature of 1 600 °C to 2200 ''C. 
That is, the F is diffusing faster than the Ge above 1600 

Fig. 4B-4D schematically show a structure and 
changes in distributions before and after the heat treat- 
ment for converting the mode field diameter. Fig. 48 
shows a change In a concentration distribution of the 
first dopant added to the core, Fig. 4C shows a change 
in a concentration distribution of the second dopant add- 
ed to the core, and Fig. 4D shows a change In the re- 
fractive index near the core. A graph of Fig. 5 shows a 
relation between the mode field diameter and the core 
diameter, and the differential refractive index between 
the core and the cladding when the distribution of the 
refractive index in the fiber Is of graded type. 

The optical fiber before heating shown in Fig. 4A is 
a single mode fiber and it is fonmed by a known VAD 
method or rod-in-tube method In a precess shown in 
Figs. 6A-6D. Soot preform for the core made of quartz 
having germanium (Ge) added thereto as the first do- 
pant is formed (see Fig. 6A), and before it Is made trans- 
parent, fluorine (F) is added as the second dopant (see 
Fig. 6B). Then, the soot preform for the core Is made 
transparent and elongated and inserted Into a cylindrical 
cladding preform to form a fiber preform (see Fig. 6C). 
Then, the fiber preform Is drawn under an appropriate 
condition (see Fig. 6D). In this manner, the optical fiber 
for the mode field conversbn having Ge and F added to 
the core is formed. 

Referring to Fig. 4B to Fig. 4D, a method and a prin- 
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ciple of forming the above optical fiber to the mode field 
diameter conversion fiber are explained. In the following 
discussion, it is assumed that fluorine diffuse sufficiently 
faster than germanium, and after heating the concen- 
5 tration distribution of fluorine substantially uniformly de- 
creases and the concentration distribution of germani- 
um does not substantially change. The core diameter of 
the optical fiber before heat treatment is 10|im. 

As shown in Fig. 4B, in the core area of the optical 
10 fiber before the thennal diffusion, Ge is added at a sub- 
stantially radial concentration distribution which is one 
of graded distributions and as shown in Fig. 4C, F is add- 
ed at a substantially uniform concentration. It is as- 
sumed that the contributk)n A(Ge) of Ge to the differen- 
*s tial refractive index is 0.4% and the contribution A(F) of 
F to the differential refractive Index Is -0.2%. Heat treat- 
ment is applied to a desired portion of the optical fiber 
having the structure described above to thermally dif- 
fuse Ge and F. Ge does not substantially diffuse as 
shown on the right hand of Fig. 1 B but F widely diffuses 
as shown on the right hand of Fig. 4C so that the con- 
tribution A(F) of F to the differential refractive index in 
the core area changes to -0.12%. 

Ref enring to Fig. 4D, the change in the refractive in- 
dices near the core before and after the thermal diffusion 
is discussed. The optical fiber before the thermal diffu- 
sion exhibits a substantially parabolic refractive index 
distribution in the core area as shown by a solid line. In 
the core periphery, the contribution by F to the increase 
of the refractive index Is larger than the contribution by 
Ge to the Increase of the refractive index and the diam- 
eter of the substantial core area having a larger refrac- 
tive index than that of the cladding is smaller than the 
core diameter formed in the process of Figs. 6A-6D. A 
broken line shows a refractive index distribution due to 
Ge or F. When heat treatment is applied to the desired 
portion of the optical fiber to thermally diffuse Ge and F, 
the refractive index of the core area increases and the 
core diameter substantially increases as shown on the 
right hand of the drawing. The change of the mode field 
diameter for the above changes Is discussed with refer- 
ence to Fig. 5. Before heating, the differential refractive 
index contribution A(Ge) of Ge is 0.4%, the differential 
refractive index contribution A(F) of F is -0.2%, and the 
substantial core diameter is no larger than 1 0jom. From 
the coordinate of a point B on the graph of Fig. 5, the 
mode field diameter is at least approximately 40p.m. Af- 
ter the thermal diffusion by heating, the differential re- 
fractive Index contribution A(Ge) of Ge is 0.4%, the dif- 
ferential refractive index contribution A(F) of F is -0. 1 2% 
and the substantial core diameter Is approximately 
lOp/n, which corresponds to a point B' on the graph of 
Fig. 5, and the mode field diameter Is reduced to ap- 
proximately 11pm. In the present embodiment, the in- 
crease of the differential refractive index between the 
core and the cladding of the first embodiment as well as 
the increase of the substantial core diameter contribute 
to the reduction of the mode field diameter by heating 
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so that efficient reduction of the mode field diameter is 

attained. 

(Third Embodiment) 

Fig. 7A shows a structure of a third optical fiber. The 
optical fiber has a core area to which Ge is added at a 
substantially stepwise (two steps) concentration distri- 
bution and F is also added at a substantially uniform 
concentratbn. 

A thermal diffusion coefficient of the F is larger than 
that of the Ge at the temperature of 1 600 *C to 2200 "C. 
That is, the F Is diffusing faster than the Ge above 1 600 
*'C. 

Figs. 7B-7D schematically show a structure and 
changes in distributions before and after the heat treat- 
ment for converting the mode field diameter. Fig. 7B 
shows a change in the concentration distribution of the 
first dopant added to the core, Fig. 7C shows a change 
In the concentration distribution of the second dopant 
added to the core, and Fig. 7D shows a change in the 
refractive index near the core. 

The fiber prior to heating shown in Fig. 7 A is a single 
mode fiber and is formed by a known VAD method or 
rod-in-tube method in a process shown In Figs. 8A-8D. 
Soot preform for the core made of quartz having germa- 
nium (Ge) added thereto as the first dopant (see Fig. 
8A) and fluorine (F) is added as the second dopant be- 
fore It is made transparent (see Fig. SB). Then, the soot 
preform for the core Is made transparent and expanded 
and inserted into a cylindrical cladding preform to form 
a fiber preform (see Fig. BC). Then, the fiber preform is 
drawn under an appropriate condition (see Fig. 8D). In 
this manner, the optical fiber for the mode field diameter 
conversion having Ge and F added to the core is formed. 

Referring to Fig. 7B to Fig. 7D, a method and a prin- 
ciple of forming the above optical fiber into the mode 
field diameter conversion fiber are described. In the fol- 
lowing discussion, it Is assumed herein that fluorine dif- 
fused sufficiently faster than germanium by heating and 
after the heating the concentration distribution of fluo- 
rine substantially uniformly decreases and the concen- 
tration distribution of germanium does not substantially 
change. 

As shown in Fig. 7B, In the core area of the optical 
fiber before the thermal diffusion. Ge Is added in the core 
area at a substantially stepwise (two steps) concentra- 
tion distribution and as shown in Fig. 7C, F is also added 
to the core area at a substantially uniform concentration. 
The heat treatment is applied to a desired portion of the 
optical fiber to thermally diffuse Ge and F. Ge does not 
substantially diffuse as shown on the right hand of Fig. 
7B but F widely diffuses as shown on the right hand of 
Fig. 7C. 

Referring to Fig. 7D, a change in the refractive in- 
dices near the core before and after the thermal diffusion 
is discussed. The optical fiber before the themnal diffu- 
sion exhibits a substantially stepwise refractive index 



distributbn In the core area as shown by a solid line. 
The contribution to the decrease of the refractive Index 
by F Is larger than the contribution to the increase of the 
refractive index by Ge and the substantial core diameter 

5 in which the refractive index is larger than that of the 
cladding is smaller than the core diameter formed in the 
process of Figs. 6A-6D. A broken line shows a refractive 
index distribution due to Ge or F. When heat treatment 
is applied to the desired portion of the optical fiber to 

10 thermally diffuse Ge and F, the refractive index of the 
core increases and the substantial core diameter in- 
creases. In the present embodiment, since the increase 
of the differential retractive index between the core and 
the cladding of the first embodiment as well as the in- 

IS crease of the substantial core diameter contribute to the 
decrease of the mode field diameter by heating, so they 
do in the second embodiment, efficient reduction of the 
mode field diameter is attained. 

The optical waveguide capable of changing a spot 

20 size of a propagating mode may be used In various ap- 
plications whteh require to narrow a spot size of a prop- 
agating mode. For example, as shown in Fig. 9, an op- 
tical device 2 such as a filter, an isolator and so on. can 
be inserted between fibers 3 for optical communication 

25 which has a small mode field diameter, through an op- 
tical waveguide 1 of the present inventbn. resulting in 
no significant tass increase. That Is, one end of the op- 
tical waveguide 1 having a large spot size 16 of a prop- 
agating mode area optically connected to the optical de- 

30 vice 2 having a large spot size of a propagating mode 
decreases the diffraction loss due to the insertion of the 
optical devfce 2, and the other end of the optical 
waveguide having a narrowed spot size la is optically 
connected to the optical fiber 3 having a small mode field 

55 diameter. The narrowed spot size portion la of the op- 
tical waveguide 1 is formed by heating the portion 1a at 
the predetermined temperature, such as 1600 'C to 
2200 *C Further, the optical fiber 3 and the optical 
waveguide 1 also may be fused at the predetermined 

40 temperature to be connected to each other. Additionally, 
an interface between the optical device 2 such as a filter 
and the optical waveguide may be slightly inclined with 
respect to a light transmission direction of them. The 
core diameter of the waveguide for the above embodi- 
es rnents is desired to be smaller than one in which mini- 
mizes a spot size of a propagating mode, because the 
change of the spot size by thermal diffusfon can be in- 
creased as shown in Figs. 2 and 5. 

Further, the above embodiments are directed to an 

so optical fiber, but the present Invention can be applied to 
a planar optical waveguide as shown in Fig. 1 3. In the 
case of the planar optical waveguide, the light guide 
path may be formed by flame hydrollsys deposition or 
plasma induced chamical vapor deposition. In Fig. 10, 

ss a core 1 0a is formed as a rectangular and a spot size of 
a propagating mode Is narrowed by heating a portbn 
10b. 

While the present inventton has been explained 
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having a function of increasing the refractive in- 
dex (n) of said light propagating material and 
having a first thermal diffusion coefficient to 
said light propagating material at a predeter- 
s mined temperature, and (ii) a uniformly distrib- 

uted second dopant having a function of de- 
creasing the refractive index (n) of said light 
propagating material and having a second ther- 
mal diffusion coefficient to said light propagat- 
10 ing material at said predetermined tempera- 

ture, said second thermal diffusion coefficient 
being larger than the first thermal diffusion co- 
efficient at the predetermined temperature, 
thereby to form said doped central core portion; 
^5 the introduction of the dopants resulting in the 

manufactured optical waveguide having a pre- 
determined mode field diameter (MFD); 

characterised by subsequently heating the 
20 optical waveguide to said predetermined tempera- 
ture so as to reduce the mode field diameter (MFD) 
of said optical waveguide with respect to said pre- 
determined mode field diameter by causing diffu- 
sion of the second dopant introduced Into said cen- 
25 tral core portion. 

2. A method according to claim 1 , wherein the concen- 
tration distribution in said central core portion of said 
first dopant is substantially unifomn. 

30 

3. A method according to claim 1 , wherein the concen- 
tration distribution in said central core portion of said 
first dopant is substantially high at a center and low 
at a periphery. 

3S 

4. A method according to claim 3, wherein the concen- 
tration distribution in said central core portion of said 
first dopant Is substantially parabolic. 
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with reference to the embodiments, various modifica- 
tions thereof may be made. For example, the optical 
waveguide capable of change a spot size of the mode 
of the present invention may be formed by various meth- 
ods including MCVD method. OVD method and double 
crucible method. The first and second dopants are not 
limited to Ge and F but various other dopants may be 
used. The differential refractive Index between the core 
portion and the cladding portion may be set to a desired 
value depending on the setting condition of the thermal 
diffusion temperature. Not only the single mode fiber but 
also a multi-mode type optical waveguide attains the 
same effects. 

In accordance with the method according to the 
present invention, the first dopant which increases the 
refractive index is added to the core and the second do- 
pant which decreases the refractive Index and has a 
larger themnal diffusion coefficient than that of the first 
dopant at a predetermined temperature is added to the 
core and the clad with the distribution. Accordingly, by 
heating the predetermined portion at the predetermined 
temperature, the difference between the refractive index 
in the area close to the center of the core and the refrac- 
tive index distant from the center of the core relatively 
increases or decreases and the mode field diameter in- 
creases or decreases in a short time at the predeter- 
mined portion which has been heat-treated. When the 
optical waveguide having a spot size of a propagating 
mode which decreases by heating is used, the core di- 
ameter is set to be smaller than one which minimizes 
the spot size in the propagating mode and the dopant 
distribution is set to increase the substantial core diam- 
eter by heating so that the spot size Is efficiently re- 
duced. As a result, the optical waveguide having the 
spot size of a propagating nnode changed at the desired 
point is formed. With such an optical waveguide, an op- 
tical waveguide having a larger or smaller spot size can 
be connected to an optical part having a smaller or larger 
mode field diameter with a small loss. 

From the Inventton thus described, it will be obvious 
that the invention may be varied in many ways. Such 
variations are not to be regarded as a departure from 
the scope of the invention as defined in the attached 
claims. 



Claims 

1. A method of manufacturing an optical waveguide, 
having a doped central core portion made of a light 
propagating material which has a predetermined re- 
fractive Index, and a surrounding cladding portion 
surrounding said light propagating materia! and 
having a lower refractive index than said light prop- 
agating material, said method comprising the steps 
of:- 

introducing into a core portion (I) a first dopant 



40 5. A method according to claim 3, wherein the concen- 
tration distribution in said central core portion of said 
first dopant is substantially stepwise. 

6. A method according to any preceding claim, where- 
as In said optical waveguide is an optical fiber 

7. A method according to any preceding claim, where- 
in said optical waveguide is a planar light 
waveguide. 

50 

8. A method according to any preceding claim, where- 
in the predetermined temperature is about 1600°C 
to 2200'»C. 

ss 9. A method for converting a mode field diameter of 
an optical waveguide having a doped central core 
portion made of a light propagating material which 
has a predetermined refractive index, and a sur- 
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rounding cladding portion surrounding said light 
propagating material and having a lowjer refractive 
index than said light propagating material, said 
method comprising the steps of:- 

5 

introducing into a core portion (i) a first dopant 
having a function of increasing the refractive in- 
dex (n) of said light propagating material and 
having a first themnal diffusion coefficient to 
said light propagating material at a predeter- io 
mined temperature, and (ii) a uniformly distrib- 
uted second dopant having a function of de- 
creasing the refractive index (n) of said light 
propagating materia! and having a second ther- 
mal diffusion coefficient to said light propagat- ?5 
ing material at said predetermined tempera- 
ture, said second thermal diffusion coefficient 
being larger than the first thermal diffusion co- 
efficient at the predetermined temperature, 
thereby to lorn said doped central core portion; 20 
the introduction of the dopants resulting in the 
manufactured optical waveguide having a pre- 
determined mode field diameter (MFD) ; 

characterised by: 

heating one end (1a) of said optical 
waveguide at said predetermined temperature, said 
one end of said optical waveguide being optically 
connected to an optical fiber; to reduce the mode 
field diameter of said waveguide at said one end of 
said optical waveguide. 



Patentanspruche 
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1 . Verfahren zur Herstellung eines optlschen Wellen- 
leiters. welcher einen dotlerten Zentralkernab- 

schnltt hat, 

welcher aus einem Lichtausbreitungsmaterial be- 
steht, das einen vorbestlmmten Brechungsindex 40 
hat, und einen umgebenden Hullabschnitt. welcher 
das Lichtausbreitungsmaterial umgibt und einen 
niedrigeren Brechungsindex hat als das Lichtaus- 
breitungsmaterial, wobei das Verfahren die Schritte 
umfalM: ^ 

Einbringung, in einen Kemabschnitt, (I) eInes 
ersten Dotierstoffs, welcher eine Funktion der 
Erhdhung des Brechungsindex (n) des Llcht- 
ausbreitungsmaterials hat und einen ersten 50 
thermlschen Diffusionskoeffizienten zu dem 
Lichtausbreiturigsmaterial bei einer vorbe- 
stlmmten Temperatur hat, und (ii) eines gleich- 
maRig verteilten zweiten Dotierstoffs. welcher 
eine Funktion der Verrlngerung des Bre- 55 
chungsindex (n) des Lichtausbreltungsmateri- 
als hat und einen zweiten thermischen Diffusi- 
onskoeffizienten zu dem Lichtausbreitungsma- 



terial bei der vorbestlmmten Temperatur hat, 
wobel der zwerte thermische Diff usionskoeffizi- 
ent groBer 1st als der erste thermische Diffusi- 
onskoeffizient bei der vorbestlmmten Tempera- 
tur, urn dadurch den dotierten Zentralkemab- 
schnltt zu bilden; 

wobel die Einbringung der Dotlerstoffe dazu 
fuhrt, daB die hergestellten optischen Wellen- 
lelter einen vorbestlmmten ModenfekJdurch- 
messer (MFD) haben; 

gekennzeichnet durch die spatere Enwarmung des 
optischen Wellenlelters auf die vorbestimmte Tem- 
peratur, um so den Modenfelddurchmesser (MFD) 
des optischen Wellenlelters bezuglich des vorbe- 
stlmmten Modenfelddurchmessers zu verringem. 
indem eine Diffusion des in den zentralen Kemab- 
schnitt eingebrachten zweiten Dotierstoffs bewlrkt 
wird. 

2. Verfahren nach Anspruch 1, wobei die Konzentra- 
tionsverteilung in dem zentralen Kemabschnitt des 
ersten Dotierstoffs im wesentlichen gleichmaBig ist. 

3. Verfahren nach Anspruch 1, wobei die Konzentra- 
tionsverteilung in dem zentralen Kemabschnitt des 
ersten Dotierstoffs im wesentlichen hoch in der Mit- 
te und tief an der Peripherie Ist. 

4. Verfahren nach Anspruch 3, wobei die Konzentra- 
tionsverteilung in dem zentralen Kemabschnitt des 
ersten Dotierstoffs im wesentlichen parabolisch ist. 

5. Verfahren nach Anspruch 3, wobel die Konzentra- 
tionsverteilung in dem zentralen Kemabschnitt des 
ersten Dotierstoffs im wesentlichen stufenformig 
ist. 

6. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei der optische Wellenleiter eine optische 
Faser ist. 

7. Verfahren nach einem der vorhergehenden Anspru- 
che, wobel der optische Wellenleiter ein planarer 
Lichtwellenleiter ist. 

8. Verfahren nach einem der vorhergehenden Anspru- 
che, wobel die vorbestimmte Temperatur ungefahr 
1600°C bis 2200'C ist. 

9. Verfahren zur Umwandlung eines Modenfelddurch- 
messers eines optischen Wellenlelters, welcher ei- 
nen dotlerten Zentralkernabschnitt hat, der aus ei- 
nem Lichtausbreitungsmaterial besteht, das einen 
vorbestlmmten Brechungsindex hat, und einem 
umgebenden Hullabschnitt, der das Lichtausbrei- 
tungsmaterial umgibt und einen niedrigeren Bre- 
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chungsindex als das Lichtausbreitungsmaterial hat. 
wobei das Verfahren die Schritte umfaBt: 

Einbringung, in einen Kernabschnitt, (i) eines 
ersten Dotierstoffs, welcher eine Function der s 
Erhohung des Brechungslndex (n) des Licht- 
ausbreitungsmaterials hat und einen ersten 
thermischen Diffusionskoeffizienten zu denn 
Lichtausbreitungsmaterial bei einer vorbe- 
stimnfiten Temperatur hat, und (ti) eines gleich- 
maBig varteilten zweiten Dotierstoffs, welcher 
eine Funktion der Verringerung des Bre- 
chungsindex (n) des Lichtausbreitungsmateri- 
als hat, und einen zweiten thermischen Diffusi- 
onskoeffizienten zu dem Ausbreitungsmaterial is 
bei der vorbestimmten Temperatur hat, wobei 
der zweite thermische Diffuslonskoefflzient 
groBer ist als der erste thermische Diffusions- 
koeffizient bei der vorbestimmten Temperatur, 
um dadurch den dotierten Zentralkernabschnitt 20 
zu bilden; 2. 

wobei die Einbringung der Dotierstoffe dazu 
fuhrt. daB der hergestellte optische Wellenleiter 
einen vorbestimmten Modenfelddurchmesser 2S 
(MFD) hat, 3. 

gekennzeichnet durch: 

Erwarmung eines Endes (la) des optischen Wei- 
lenleiters bei der vorbestimmten Temperatur, wobei 30 
das eine Ende des optischen Wellenleitersmit einer 4. 
optischen Faser optisch verbunden ist; um den Mo- 
denfelddurchmesser des Wellenleiters an dem ei- 
nen Ende des optischen Wellenleiters zu verrin- 
gem. 3S 

5. 

Revendieations 



Proc6d6 de fabrication d'un guide d'ondes optiques 
ayant une portion de coeur centrale dop6e. faite en 
un matdriau propageant la tumi&re qui a un indice 
de refraction pr6d6termjn6, et un mat6riau de gaine 
entourant ledit mat6riau propageant la luml^re 
ayant un Indice de refraction inferieur a celui dudit 
materiau propageant la lumi^re, tedit precede com- 
prenant tes stapes consistant k : 



40 



45 7. 



introduire dans une portion de coeur (i) un pre- 8. 
mier dopant ayant pour fonction d'augmenter so 
I'indice de refraction (n) dudit materiau propa- 
geant la lumiere, et ayant un premier coefficient 
de diffusion thermique dans ledit materiau pro- 9. 
pageant la lumi^re ^ une temperature prede- 
terminee, et (li) un second dopant reparti de ss 
manidre uniforme ayant comme fonction de di- 
minuer I'indice de refraction (n) dudit materiau 
propageant la lumiere, et ayant un second coef- 



ficient de diffusion thermique dans ledit mate- 
riau propageant la lumiere k ladite temperature 
predeterminee, ledit second coefficient de dif- 
fusion thenmlque etant plus eieve que le pre- 
mier coefficient de diffusion thermique k la tem- 
perature predeterminee, pour former ainsi ladi- 
te portion de coeur centrale dopee; 
rintroduction des dopants ayant pour resultat 
que les guides d'ondes optiques fabriques ont 
un diametre du champ modal (MFD) predeter- 
mine; 

caracterise par un chauffage subsequent du 
guide d'onde optique k ladite temperature predeter- 
minee, de maniere k reduire le diametre du champ 
modal dudit guide optique par rapport audit diame- 
tre du champ modal predetermine, en provoquant 
la diffusion du second dopant introduit dans ladite 
portion de coeur centrale. 

Procede selon la revendication 1 , dans lequel la re- 
partition de la concentration dans ladite portion de 
coeur centrale dudit premier dopant est senslble- 
ment uniforme. 

Procede selon la revendication 1 , dans lequel la re- 
partition de ia concentratbn dans ladite portion de 
coeur centrale dudit premier dopant est sensible- 
ment eievee au centre, et basse k la peripherie. 

Procede selon la revendication 3, dans lequel la re- 
partition de ia concentration dans ladite portion de 
coeur centrale dudit premier dopant est sensible- 
ment parabollque. 

Procede selon la revendication 3, dans lequel la re- 
partition de la concentration dans iadite portion de 
coeur centrale dudit premier dopant est essentiel- 
lement avec des paliers. 

Procede selon I'une quelconque des revendieations 
precedentes, dans lequel ledrt guide d'onde optique 
est une fibre optique. 

Procede selon I'une quelconque des revendieations 
precedentes, dans lequel ledit guide optique est un 
gukie d'onde lumlneuses plan. 

Procede selon i'une quelconque des revendieations 
precedentes, dans lequel la temperature predeter- 
minee est d'environ 1600 *C a 2200 "^C. 

Procede pour convertir un diametre de champ mo- 
dal d'un guide d'ondes optiques ayant une portion 
de coeur centrale dopee. faite en un materiau pro- 
pageant ia lumiere qui a un indice de retraction pre- 
determine, et un materiau de gaine entourant ledit 
materiau propageant la lumiere ayant un indice de 
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refraction inf6rieur ^ celui du mat6riau propageant 
la lumi^re, ledit proc6d6 comprenant les stapes 
consistant k : 

introduire dans une portion de coeur (i) un pre- s 
mier dopant ayant pour tonction d'augmenter 
I'indice de refraction (n) dudit mat6riau propa- 
geant la lumiere, et ayant un premier coefficient 
de diffusion thermique dans ledit mat6rlau pro- 
pageant la lumiere a une temperature pred§- io 
temninee, et (li) un second dopant rdparti de 
mani^re uniforms ayant comme fonction de di- 
minuer I'indice de refraction (n) dudit materiau 
propageant la lumiere, et ayant un second coef- 
ficient de diffusion thermique dans ledit mate- 
riau propageant la lumiere d ladite temperature 
predetermines ledit second coefficient de dif- 
fusion thermique etant plus eleve que le pre- 
mier coefficient de diffusion thermique k la tem- 
perature predetenminee, pour former ainsi ladi- 20 
te portion de coeur centrale dopee; 
{'introduction des dopants ayant pour resultat 
que )es guides d'ondes optiques fabriques ont 
un diametre du champ modal predetermine; 

25 

caracterise par : 

un chauffage d'une extremite (ia) dudit guide 
optique a ladite temperature predeterminee, ladite 
extremite dudit guide d'onde optique etant connec- 
tee optiquement k une fibre optique; pour diminuer 30 
le diametre de champ modal dudit guide d'onde k 
ladite extremite dudit guide d'onde optique. 
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Fig. 2 
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Fig. 3 A 
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Fig. 5 
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Fig. 6 A 
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FigJB 
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Fig. 8 A 



Soot preform 



1} 




Fig. 8B 




Fig. 8C 

•F added preform 




F/g, 8D 



Clodding preform 




Heo rer 



20 




21 



EP 0 585 533 B1 




22 



